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Abstract OBJECTIVES: The underlying mechanisms of panic attacks (PA’s) are still 
unclear. Theories focusing on these mechanisms differ in their description of the 
relationship between panic and fear. The main controversy concerns whether a 
PA resembles the classical flight response, or whether it is qualitatively differ-
ent from fear. According to the first theory, a PA would result in hypothalamic-
pituitary-adrenal axis (HPA-axis) activation, whereas according to the second, it 
would not.
So far, inconclusive results have been reported in studies measuring HPA-axis 
activity after laboratory evoked PA’s. The present study was designed to assess 
cortisol levels following a 35% CO2 challenge in Panic Disorder (PD) patients 
compared to healthy volunteers as a measurement of HPA-axis activity.
DESIGN: Twenty-three PD patients and 20 healthy volunteers participated in 
the study. Cortisol was determined in saliva at regular intervals before and after 
the challenge. Furthermore, attention was paid to possible gender effects.
RESULTS: Although the 35% CO2 inhalation induced a significant increase 
in anxiety, no cortisol increase was found. Moreover, there was no difference 
between patient and control cortisol values following the 35% CO2 challenge, 
whereas the delta anxiety scores were far more pronounced in the patient group. 
Interestingly, male PD patients showed higher cortisol values.
CONCLUSIONS: This study may be in accordance with the view that PA’s are not 
accompanied by an important HPA-axis activation. There are some indications 
for aberrant cortisol secretion in male PD patients. Further research needs to 
confirm whether male and female PD patients differ in their underlying mecha-
nisms related to HPA-axis activity.
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Abbreviations
ACTH  adrenocorticoidhormone
GLM  General Linear Model
HPA-axis  Hypothalamic-Pituitary-Adrenal axis
PA  Panic Attack
PD  Panic Disorder
PSL  Panic Symptom List
VAAS  Visual Analogue Scale for Anxiety

Introduction

Panic attacks (PA’s), the core feature of panic dis-
order (PD), are hard to investigate in their real life ap-
pearance, as unpredictability is one of their most im-
portant features. The 35% CO2 challenge offers a good 
opportunity to study PA’s in standardized labora-
tory surroundings. The symptoms elicited by the in-
halation procedure closely resemble those of a PA, in-
cluding their fast crescendo course. Moreover, in PD 
patients a marked increase in anxious feelings is gen-
erated, as opposed to control subjects. This test may 
therefore represent a very specific stressor which af-
fects in particular patients with PD [1].

There are two major theories concerning the under-
lying mechanisms of PA’s. Some authors have hypoth-
esized that uncued PA’s are comparable to the classical 
flight response [2–4]. If this primitive flight reaction is 
indeed related to panic, one would expect that the hy-
pothalamic-pituitary-adrenal axis (HPA-axis) is acti-
vated and that cortisol release emerges following PA 
[5]. Contrary to the previous theories, Klein has pos-
tulated that panic is qualitatively different from fear. 
Klein stresses that cortisol secretion is not induced 
during spontaneous panic, which underlines the dif-
ference between panic and fear [6]. Determining cor-
tisol following panic can thus to some extent provide 
clarity about the origin of PA’s.

So far, measuring HPA-axis activity after a CO2-
induced PA in PD patients has yielded inconclusive 
results. An early study suggested increased cortisol 
concentrations in the subgroup of PD patients who ac-
tually panicked following CO2 inhalation compared to 
healthy controls [7]. However in the same study, tak-
ing all PD patients together, no differences were found. 
Sinha et al. [8] did not find increased cortisol response 
in panicking patients compared to healthy volunteers. 
In the study of Sasaki et al. [9], again, no statistical 
differences between both panicking and non-panick-
ing patients and healthy controls were found. Over-
all, studies show no difference in cortisol response be-
tween PD patients, who most often panic, and healthy 
volunteers, who as a rule do not panic.

The aim of the present study was to assess cortisol 
concentration following laboratory evoked panic at-
tacks in PD patients compared to healthy volunteers 
as a measurement of HPA-axis activity.

Methods 

Subjects

Twenty-three PD patients (13 women, 10 men; 
mean age 39,7 ± 13,2), with or without agoraphobia 
according to the DSM-IV criteria, participated in this 
study. None of the patients had a concurrent axis I or 
axis II disorder and all had been free of psychotropic 
medication for at least three weeks before entering the 
study. None of the patients used fluoxetine prior to the 
study. All patients were out-patients of the Academic 
Anxiety Center, Vijverdal Psychiatric Hospital, Maas-
tricht, The Netherlands. The comparison group con-
sisted of 20 healthy subjects (10 women, 10 men), with 
a mean age of 33,3 years ± 12,8. All participants were 
in good physical health.

Since nicotine has been shown to activate the HPA-
axis at physiologically relevant doses, subjects were 
not allowed to smoke on the test day [10]. The study 
was approved by the local medical ethics committee 
and written informed consent was obtained from all 
participants.

Methods

The participants arrived at the laboratory in the 
early afternoon. After a habituation period of 30 min-
utes, baseline saliva samples for the cortisol determi-
nations were obtained. Saliva was collected by letting 
the subjects chew on cotton dental rolls for about 1 
minute, whereupon the samples were stored at –20°C 
until analysis. Direct radioimmunoassay, using 125I-
cortisol and antiserum against the 3-CMO-BSA con-
jugate, was used to determine cortisol levels [11]. The 
mean intra assay coefficient of variance was 4.3%.

The 35% CO2 inhalation procedure, which has been 
described in detail elsewhere [12], was performed 
half an hour after the baseline sampling. Briefly, sub-
jects were informed that they would inhale a harmless 
gas mixture, consisting of 35% CO2 and 65% O2, that 
might induce certain symptoms depending on the indi-
vidual vulnerability. Symptoms of a panic attack were 
described, but the words ‘panic attack’ were not men-
tioned literally, to avoid any negative bias related to ex-
pectation. The gas mixture was inhaled through a self-
administration mask. A respirometer connected to the 
self-administration mask measured the gas volume de-
livered. To consider the inhalation valid, at least 80% 
of the previously measured vital capacity had to be in-
haled. At the end of the inhalation, the subjects held 
their breath for 4 seconds to enhance alveolar gas ex-
change. Before and after the inhalation, the physiolog-
ical and psychological symptoms were assessed using 
a Visual Analogue Scale of Anxiety (VAAS), and the 
Panic Symptom List (PSL), which have been used be-
fore to assess experimental anxiety [13]. An increase 
in at least 4 physical symptoms of the PSL together 
with an increase of at least 25 units at the VAAS were 
used as criteria for an experimental PA [12]. Besides 
the baseline sample, saliva was sampled at 20, 40 and 
60 minutes after the inhalation. An additional sample 
was taken 24 hours after the CO2 inhalation.
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Statistical analyses

Cortisol values were Ln transformed in order to ap-
proach normality of the data. The cortisol data were 
statistically evaluated by using General Linear Models 
(GLM) for repeated measurements (SPSS 10 for Win-
dows) with time as the within subjects factor (4 levels: 
t0, t20, t40, t60), and group (patient or healthy con-
trol) as the between subjects factor. Gender and ‘panic 
attack’ were examined as a between subjects factor, to 
compare male and females and the cortisol response 
of the panickers versus non-panickers. Greenhouse-
Geisser correction for sphericity was used in all anal-
yses.

The PSL data, the delta VAAS scores, and the 
amount of cigarettes smoked per day were analysed 
using the Mann-Whitney U test for non-parametric 
data sets. Increases in VAAS and PSL scores within 
the group were analysed using the Wilcoxon signed 
rank test. The number of PA’s was calculated for both 
genders and the Pearson chi-square test was used for 
analysis of this data. Finally, age and baseline cortisol 
values were compared using a student’s t-test.

Results

Patients and healthy subjects

The CO2 inhalation induced a significant increase 
in subjective anxiety as measured on the VAAS in both 
groups (patients: Z = –3.82; p < 0.001, controls: Z = 
–3.58; p < 0.001), with the patient delta scores being 
significantly higher (Z = –3.06; p = 0.002). The median 
scores in the patient group increased from 10.0 units 

pre-challenge, to 61.0 units post-challenge. In the con-
trol group there was an increase from 0.0 to 14.5 units. 
The same pattern was seen in the PSL data (increase 
patients: Z = –4.20; p <0.001, increase controls: Z = 
–3.74; p < 0.001). Again, the patients showed signifi-
cantly increased values compared to the control group 
(Z = –3.54; p < 0.001). The patients’ median scores in-
creased from 3 to 15, the controls from 0 to 4. Further-
more, the patients scored significantly more PA’s (Z = 
–3.79; p <0.001); in the patient group 14 PA’s were re-
ported whereas in the control group only one.

No significant interaction effect was found for 
group * time (F1,39 = 1.5; p = 0.2), meaning that there 
was no significant difference in the course of the reac-
tion to the inhalation with respect to cortisol secretion 
between the two groups. However, a significant effect 
was found for time (F1,39 = 6.5; p = 0.006); both groups 
showed decreasing cortisol values during the test day. 
Moreover, no overall group difference was found be-
tween the cortisol values of patients and controls after 
the 35% CO2 challenge (F1,39 = 1.3; p = 0.3).

Neither baseline cortisol values (t33,2 = 0.045; p = 
0.96) nor the 24 hour measurements (t39 = 0.22; p = 
0.82) differed significantly between PD patients and 
controls. Furthermore, there were no significant dif-
ferences between the groups concerning age or smok-
ing habits.

Gender differences in Panic Disorder patients

When comparing the male and female patients us-
ing GLM for repeated measurements, a significant 
effect was found for gender (F1,20 = 5.3; p = 0.03) 
with male cortisol values always being higher. How-
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Figure 1.
Salivary cortisol values 
following 35% CO2 inhalation 
in panic disorder patients and 
healthy volunteers.
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ever, the interaction effect between gender and time 
was not significant (F1, 20 = 0.3; p = 0.7), which indi-
cates that the cortisol response to the CO2 inhalation 
between males and females was not different. In to-
tal, 14 PA’s were reported. Of these, 8 were reported 
by men (80%) and 6 by women (46%) (c2 value = 2,7; 
df = 1; p = 0.1). However, taking the VAAS data alone, 
no differences were found between male and female re-
sponses (Z = –1.3; p = 0.2). Comparing the cortisol re-
sponse of patients who actually panicked with the re-
sponse of those patients who did not panic revealed 
no differences between these two groups (F1,20 = 0.9; 
p = 0.4). The results are presented in figure 1.

Discussion

In the present study, no significant increase in sal-
ivary cortisol was found following the 35% CO2 inha-
lation in PD patients. These data add to the results 
of Sinha et al. (1999) and Sasaki et al. (1996) who re-
ported no HPA-axis activation following CO2-induced 
panic.

In order to be able to understand the underly-
ing mechanisms of PD, the discussion about whether 
panic is qualitatively or quantitatively different from 
fear is essential. When PA’s equate with fear they are 
inextricably bound up with HPA-axis activation. Fear 
classically follows a potential life threatening situa-
tion. Such a situation requires an appropriate stress 
response. Besides the sympathetic nervous system, the 
HPA-axis is activated. It’s end product, cortisol, has 
among other things, the important function to provide 
energy necessary to react to the stressor. The cortisol 
response in fear is considerable, which, to say the least, 
is not the case with the cortisol response in the current 
study. This seems to be a contradiction. Panic disorder 
patients certainly suffer from a lot of stress during a 
PA. As the majority of these patients reported a PA fol-
lowing the CO2 inhalation, a strong cortisol response 
seems to be a logical consequence. The fact that the 
current study found no obvious cortisol response is not 
an exceptional case. The overall results of the present 
study are in concordance with former results. Sinha et 
al. (1999), Sasaki et al. (1996) and Woods et al. (1988) 
found no HPA-axis activation after 5% or 7% CO2 inha-
lation, both in PD patients and controls. This may im-
ply a dissociation between laboratory evoked PA’s and 
the HPA-axis. However, in the study of Woods et al. 
the subgroup of panicking PD patients showed mod-
est but significant increases in cortisol values follow-
ing the 5% CO2 inhalation compared to the air inha-
lation. The current study does not find a panic related 
increase in cortisol and, consequently, provides no ev-
idence for the hypothesis that panic merely is an ex-
treme form of fear. This may imply that panic is qual-
itatively different from fear. Whether panic attacks 
cause no HPA-axis activation at all is another ques-
tion which cannot be answered on basis of the results 
of the current study. Cortisol is the end product of an 
axis which includes different levels of organisation. 
Both the processes that lead up to the activation of 

this axis, as well as regulatory mechanisms within this 
axis can be disturbed. An initial activation will not re-
sult in cortisol secretion if the cascade is interrupted. 
Information about concentrations of the more upward 
secreted HPA-axis hormones following a CO2 inhala-
tion is needed in order to truly answer the question 
whether the HPA-axis is activated.

The present study shows some evidence for a gen-
der difference in PD patients. Although the response 
to the CO2 inhalation was not different, male patients 
showed higher cortisol values throughout the exper-
iment. Increased cortisol levels in male PD patients 
have been found before during overnight rest, but this 
study included no female patients [14]. In search for 
an neuroendocrinological explanation for this gender 
difference the gonadal steroids are a possible candi-
date. In fact, estradiol is known to have a dose-related 
stimulatory effect on the HPA-axis [15]. However, we 
find male subjects to have increased cortisol levels, 
whereas the amount of estradiol produced in men is 
about one fifth of the amount in non-pregnant women. 
This seeming contradiction can be explained by the 
fact that, in the brain, testosterone is converted to 
estradiol [16]. Therefore, it is suggested that the HPA-
axis stimulation induced by converted testosterone in 
men is larger than the stimulation induced by estradiol 
in women [17]. Furthermore, increased adrenaline lev-
els in male PD patients compared to female patients 
have been found, which is indicative for increased sym-
pathic activity, the other major system involved in the 
stress response [18]. The gender difference in PD is of 
course further emphasized by the difference in prev-
alence. Women suffer from PD twice as often as men. 
Furthermore, gender differences in PD have been de-
scribed previously at the symptom level. For example, 
women reported more respiratory symptoms during a 
PA than men and therefore gender difference in sensi-
tivity to CO2 was suggested [19]. Interestingly, in the 
current study, male PD patients reported more PA’s 
than female patients did, but this finding should be in-
terpreted with caution, as these data are very prelim-
inary and need to be confirmed in a larger group. Fur-
thermore, applying an anxiogenic challenge, namely 
oral m-CPP administration, gender differences in 
HPA-axis activation were found in PD patients. Com-
pared with healthy controls, female patients had an 
augmented adrenocorticoidhormone (ACTH) re-
sponse, whereas male patients and male controls did 
not differ in their response [20]. Results from studies 
in which endogenous stimulation of the HPA-axis was 
applied to healthy volunteers showed no gender differ-
ences with regard to cortisol secretion. It is remark-
able that in those studies differences in ACTH levels 
were reported [21, 22]. A difference in ACTH levels 
would normally result in a difference in cortisol levels 
unless a compensatory mechanism would counterbal-
ance this. Logically, the suggested compensatory mech-
anism would be at the level of the adrenals, for exam-
ple more or less sensitive ACTH receptors. Studies 
measuring HPA-axis activation following CO2 inhala-
tion thus far [7–9] only made the division of panicking 
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versus non-panicking subjects and paid no attention to 
possible gender differences.

In conclusion, this study provides indications for 
an aberrant cortisol secretion in male PD patients. 
Whether this can be ascribed to altered stress reac-
tivity needs further investigation. However, taking 
into account the patient group as a whole, this study is 
in accordance with the view that a laboratory evoked 
panic attack is not accompanied by an important HPA-
axis activation. Thus, the current study does not re-
ject the hypothesis that panic is quantitatively differ-
ent from fear, but replication is warranted.
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